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POWER SUPPLIES INCLUDING SHIELDED
MULTILAYER POWER TRANSMISSION
BOARDS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit and priority of U.S.

Provisional Application No. 62/485,097 filed Apr. 13, 2017.
The entire disclosure of the above application 1s 1ncorpo-
rated herein by reference.

FIELD

The present disclosure relates to powers supplies 1nclud-
ing shielded multilayer power transmission boards.

BACKGROUND

This section provides background information related to
the present disclosure which 1s not necessarily prior art.

Electrical power supplies commonly include main circuit
boards for supporting various electrical components. In
some 1nstances, the power supplies include AC jumper
boards having a neutral layer and a hot layer for moving AC
power between different areas of the main circuit boards.

SUMMARY

This section provides a general summary of the disclo-
sure, and 1s not a comprehensive disclosure of its full scope
or all of 1ts features.

According to one aspect of the present disclosure, a power
supply includes a main circuit board and a multilayer power
transmission board for transmitting AC power from one area
of the main circuit board to another area of the main circuit
board. The main circuit board includes an AC power input
connector having a neutral power connection and a line
power connection. The multilayer power transmission board
includes at least two conductive neutral layers electrically
coupled to the neutral power connection of the AC power
input connector, at least two conductive line layers electri-
cally coupled to the line power connection of the AC power
input connector, and a dielectric medium positioned between
cach of the conductive layers. The conductive neutral layers
and the conductive line layers are positioned in an alternat-
ing configuration.

According to another aspect of the present disclosure, a
power supply includes a main circuit board and a multilayer
power transmission board for transmitting power from one
area ol the main circuit board to another area of the main
circuit board. The main circuit board includes a power mnput
connector having a first power connection and a second
power connection. The multilayer power transmission board
includes a first conductive layer electrically coupled to the
first power connection of the power input connector, a
second conductive layer electrically coupled to the second
power connection ol the power input connector, a third
conductive layer separating the first conductive layer and the
second conductive layer, and a dielectric medium positioned
between each of the conductive layers.

According to another aspect of the present disclosure, a
method of manufacturing a power supply 1s disclosed. The
power supply includes a main circuit board and a power
transmission multilayer board. The multilayer power trans-
mission board includes a conductive neutral layer having an
inner side and an outer side, a conductive line layer having
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2

an mner side and an outer side, a dielectric medium posi-
tioned between the conductive neutral layer and the con-

ductive line layer, and at least two conductive ground layers.
The inner side of the conductive neutral layer faces the inner
side of the conductive line layer. One of the two conductive
ground layers 1s positioned on the outer side of the conduc-
tive neutral layer. Another one of the two conductive ground
layers 1s positioned on the outer side of the conductive line
layer. The method includes forming at least two slots 1n the
multilayer power transmission board to expose at least a
portion of an interior of the power transmission multilayer
board, plating with a conductive maternial the exposed inte-
rior of the multilayer power transmission board so that the
conductive material 1s 1n contact with the two conductive
ground layers, and electrically coupling the multilayer
power transmission board and the main circuit board.

Further aspects and areas of applicability will become
apparent from the description provided herein. It should be
understood that various aspects of this disclosure may be
implemented individually or in combination with one or
more other aspects. It should also be understood that the
description and specific examples herein are intended for
purposes of 1llustration only and are not intended to limait the
scope of the present disclosure.

DRAWINGS

The drawings described herein are for illustrative pur-
poses only of selected embodiments and not all possible
implementations, and are not intended to limait the scope of
the present disclosure.

FIG. 1 1s a block diagram of a power supply including a
main circuit board and a multilayer power transmission
board for transmitting power from one area of the main
circuit board to another area of the main circuit board
according to one example embodiment of the present dis-
closure.

FIG. 2A 1s a block diagram an AC multilayer power
transmission board employable in the power supply of FIG.
1, according to another example embodiment.

FIG. 2B 1s the AC multilayer power transmission board of
FIG. 2A with X-capacitors, according to vyet another
example embodiment.

FIG. 3 1s a block diagram a multilayer power transmission
board employable 1n the power supply of FIG. 1, according
to another example embodiment.

FIG. 4A 1s a top view of an outer conductive layer for a
multilayer power transmission board according to yet
another example embodiment.

FIG. 4B 1s a top view of another outer conductive layer for
the multilayer power transmission board of FIG. 4A, accord-
ing to another example embodiment.

FIG. 4C 15 a top view of an mner conductive layer for the
multilayer power transmission board of FIG. 4A, according
to yet another example embodiment.

FIG. 5 1s an 1sometric front view ol a power supply
including a main circuit board and a multilayer power
transmission board according to another example embodi-
ment.

FIG. 6 1s an 1sometric rear view of the power supply of
FIG. 5.

FIG. 7 1s an enlarged portion of the power supply of FIG.
6.

FIG. 8A 1s an 1sometric top view of a portion of a
multilayer power transmission board having plated slots
forming outer conductive layers of the board, according to
yet another example embodiment.
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FIG. 8B 1s an 1sometric top view of the multilayer board
of FIG. 8 A with a portion of the board removed to form the

outer conductive layers, according to another example
embodiment.

FIG. 9 1s a top view of a portion of a multilayer power
transmission board having conductive vias on opposing
sides of the board according to yet another example embodi-
ment.

FIG. 10 1s a graph of conducted EMI 1n a power supply
having a multilayer board without outer conductive ground
layers.

FI1G. 11 1s a graph of radiated EMI 1n the power supply of
FIG. 10.

FI1G. 12 1s a graph of conducted EMI 1n the power supply
of FIGS. 5-7 with 1ts multilayer board having outer conduc-
tive ground layers.

FI1G. 13 1s a graph of radiated EMI 1n the power supply of
FIGS. 5-7 with 1ts multilayer board having outer conductive
ground layers.

Corresponding reference numerals indicate correspond-
ing parts and/or features throughout the several views of the
drawings.

DETAILED DESCRIPTION

Example embodiments will now be described more fully
with reference to the accompanying drawings.

Example embodiments are provided so that this disclosure
will be thorough, and will fully convey the scope to those
who are skilled in the art. Numerous specific details are set
forth such as examples of specific components, devices, and
methods, to provide a thorough understanding of embodi-
ments of the present disclosure. It will be apparent to those
skilled 1n the art that specific details need not be employed,
that example embodiments may be embodied in many
different forms and that neither should be construed to limait
the scope of the disclosure. In some example embodiments,
well-known processes, well-known device structures, and
well-known technologies are not described 1n detail.

The terminology used herein 1s for the purpose of describ-
ing particular example embodiments only and i1s not
intended to be limiting. As used herein, the singular forms
“a,” “an,” and “the” may be mntended to include the plural

d,
forms as well, unless the context clearly indicates otherwise.
The terms “comprises,” “comprising,” “including,” and
“having,” are inclusive and therefore specily the presence of
stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
clements, components, and/or groups thereof. The method
steps, processes, and operations described herein are not to
be construed as necessarily requiring their performance in
the particular order discussed or illustrated, unless specifi-
cally 1dentified as an order of performance. It 1s also to be
understood that additional or alternative steps may be
employed.

Although the terms first, second, third, etc. may be used
herein to describe various elements, components, regions,
layers and/or sections, these elements, components, regions,
layers and/or sections should not be limited by these terms.
These terms may be only used to distinguish one element,
component, region, layer or section from another region,
layer or section. Terms such as “first,” “second,” and other
numerical terms when used herein do not imply a sequence
or order unless clearly indicated by the context. Thus, a first
clement, component, region, layer or section discussed
below could be termed a second element, component,
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4

region, layer or section without departing from the teachings
of the example embodiments.

Spatially relative terms, such as “iner,” “outer,”
“beneath,” “below,” “lower,” “above,” “upper,” and the like,
may be used herein for ease of description to describe one
clement or feature’s relationship to another element(s) or
teature(s) as 1llustrated 1n the figures. Spatially relative terms
may be intended to encompass different orientations of the
device 1n use or operation in addition to the orientation
depicted 1n the figures. For example, 1f the device in the
figures 1s turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the example
term “below” can encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

A power supply according to one example embodiment of
the present disclosure 1s 1llustrated 1n FIG. 1 and indicated
generally by reference number 100. As shown 1n FIG. 1, the
power supply 100 includes a main circuit board 102 and a
multilayer power transmission board 104. The main circuit
board 102 includes a power mput connector 106 having at
least two power connections A, B, and a power output
connector 108. As further explained below, the multilayer
power transmission board 104 includes one or more elec-
trically conductive layers for transmitting power ifrom one
area ol the main circuit board 102 to another area of the main
circuit board 102.

The power connectors 106, 108 may be AC power con-
nectors or DC power connectors. If the power input con-
nector 106 1s an AC power mput connector, the power
connection A may be considered a neutral power connection
and the power connection B may be considered a line (e.g.
a hot) power connection, or vice versa. Alternatively, the
power mput connector 106 may be a DC power input
connector. In that case, the power connection A may be
considered a positive power connection and the power
connection B may be considered a reference (e.g., ground)
power connection, or vice versa. In other embodiments, the
power mput connector 106 may include one or more other
connections for ground, additional neutral and/or line con-
nections, positive DC connections, data/signal connections,
etc.

Additionally, the power output connector 108 may
include various connections such as one or more AC neutral
connections, AC line connections, AC and/or DC ground
connections, hot DC connections, data/signal connections,
ctc. Additionally, the power output connector 108 may
include the same or a different number of power connections
as the power mput connector 106.

As shown 1 FIG. 1, the power connectors 106, 108 are
adjacent to each other. For example, and as shown 1n FIG.
1, the power connectors 106, 108 are positioned adjacent
one side surface, edge, etc. of the main circuit board 102. In
other embodiments, one connector may be near one edge of
the main circuit board 102 and the other connector may be
near an opposing edge of the main circuit board 102.

The main circuit board 102 (and any other main circuit
boards disclosed herein) may be any suitable circuit board.
For example, the main circuit board 102 may be a printed
circuit board (PCB), etc. Likewise, the multilayer power
transmission board 104 (and any other multilayer board
disclosed herein) may be any suitable power transmission
board. For example, the multilayer board 104 may be a
circuit board (e.g., a PCB, etc.) and/or another suitable board
for transmitting power.
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Additionally, although not shown in FIG. 1, the main
circuit board 102 may include one or more electrical com-
ponents disposed on one or more surfaces of the main circuit
board 102. For example, one or more filters, capacitors,
inductors, transformers, power switches, rectification cir-
cuits, control circuits (e.g., control circuit integrated circuits,
etc.), etc. may be coupled to a top surface and/or a bottom
surtace of the main circuit board 102. The electrical com-
ponents may be positioned on the main circuit board 102 and
adjacent to the multilayer board 104. In some examples, the
clectrical components may be electrically coupled to one or
more electrically conductive layers of the multilayer board
104.

Power converter circuitry (e.g., collectively forming one
or more power converters) may be electrically coupled
between the power input connector 106 and the power
output connector 108. For example, the electrical compo-
nents mentioned above (e.g., the capacitors, the imductors,
the transformers, the power switches, etc.) and/or other
suitable electrical components may form the power convert-
er(s). The power converter(s) may be positioned adjacent to
the multilayer board 104, and electrically coupled to one or
more electrically conductive layers of the multilayer board
104. The power converter(s) may include an AC/DC power
converter, a DC/DC converter, etc., and have one or more
suitable topologies (e.g., buck converter topologies, boost
converter topologies, flyback converter topologies, forward
converter topologies etc.).

The multilayer board 104 may include one or more outer
conductive layers. For example, the outer conductive layers
may form an outer perimeter of the multilayer board 104. In
other examples, a dielectric medium may be placed on the
exterior facing side of the outer conductive layers. In either
example, the conductive layers may substantially surround
an 1nterior portion of the multilayer board 104 to provide
shielding for internal layers of the multilayer board 104.

For example, the outer conductive layers may shield noise
inner conductive layers of the multilayer board 104 from
clectromagnetic fields generated by electrical components
on the main circuit board 102. The noise may include, for
example, electromagnetic interference (EMI) (sometimes
referred to as radio frequency interterence (RFI)), etc. As
such, the conductive layers may help prevent noise from
interfering with the mmner conductive power layers of the
multilayer board 104, the input at the input connector 106,
ctc. Thus, by shielding at least some noise 1n the power
supply 100, other filters (e.g., controller area network (CAN)
filters, etc.) may not be required 1n the power supply 100. In
turn, valuable circuit board space may be saved and costs
may be reduced.

In some embodiments, one or more of the outer layers
may be grounded. For example, the outer layers may be
clectrically coupled to ground (e.g., a ground trace, etc.) on
the main circuit board 102 and/or at another suitable loca-
tion. By grounding one or more of the outer layers, the board
104 may provide improved shielding performance as com-
pared to boards having ungrounded outer layers.

As explained above, the multilayer power transmission
board 104 transmits power from one area of the main circuit
board 102 to another area of the main circuit board 102. For
example, the multilayer board 104 may transmit power from
one side of the main circuit board 102 to the opposing side
of the main circuit board 102. This configuration may free up
valuable space on the main circuit board 102 for other
components, reduce the size of the circuit board, etc.

The AC or DC power may be transmitted between dif-
ferent areas of the main circuit board 102 by one or more
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6

conductive layers 1n the multilayer board 104. For example,
the multilayer power transmission board 104 of FIG. 1
includes one or more other electrically conductive layers
(not shown) located between the outer conductive layers.
These conductive layers may include, for example, a con-
ductive neutral layer and a conductive line layer for trans-
mitting AC power Irom one area of the main circuit board
102 to another area of the main circuit board 102. In other
embodiments, the conductive layers may include, {for
example, a positive conductive layer and a reference con-
ductive layer for transmitting DC power from one area of the
main circuit board 102 to another area of the main circuit
board 102.

For example, FIGS. 2A and 3 illustrate cross sectional
views ol power transmission multilayer boards 200, 300,
respectively. Either of the multilayer boards 200, 300 and/or
another suitable board may be used for the multilayer power
transmission board 104 of FIG. 1.

As shown 1 FIG. 2A, the multilayer power transmission
board 200 includes two outer electrically conductive layers
202, 204, four inner electrically conductive layers 206, 208,
210, 212 positioned between the outer layers 202, 204, and
a dielectric medium 214 positioned between each of the
conductive layers 202, 204, 206, 208, 210, 212. The dielec-
tric medium 214 electrically 1solates the conductive layers
202, 204, 206, 208, 210, 212 from each other.

Additionally, and as shown 1n FIG. 2A, the dielectric
medium 214 extends around an exterior side of the outer
layers 202, 204. Alternatively, the dielectric medium 214
may not extend around the exterior side of the outer layers
202, 204, may extend around only a portion of the exterior
side of the outer layer 202 and/or the outer layer 204, etc.

When the board 200 1s used in the power supply 100 of
FIG. 1, the conductive layers 206, 208 may be two AC
neutral conductors, and the conductive layers 210, 212 may
be two AC line conductors (e.g., hot conductors). In such
examples, the conductive neutral layers 206, 208 are elec-
trically coupled to the connection designated as the neutral
connection (e.g., the connection A) of the power mput
connector 106 of FIG. 1, and the conductive line layers 210,
212 are electrically coupled to the connection designated as
the line connection (e.g., the connection B) of the power
input connector 106 of FIG. 1.

In the particular example of FIG. 2B, the conductive
neutral layers 206, 208 and the conductive line layers 210,
212 are positioned in an alternating configuration. For
example, the conductive neutral layer 206 1s adjacent to the
outer layer 202, the conductive line layer 210 1s adjacent to
the conductive neutral layer 206, the conductive neutral
layer 208 1s adjacent to the conductive line layer 210, and the
conductive line layer 212 1s adjacent to the conductive
neutral layer 208 and the outer layer 204. As shown, the
conductive line layer 210 1s sandwiched between the con-
ductive neutral layers 206, 208, and the conductive neutral
layer 208 1s sandwiched between the conductive line layers
210, 212. As such, the conductive layers 206, 208, 210, 212
form an alternating configuration of one neutral layer and
one line layer.

The alternating configuration of one neutral layer and one
line layer can form one or more X-capacitors to suppress
differential mode noise, and 1n turn help reduce EMI. For
example, and as shown 1n FI1G. 2B, one X-capacitor 216 may
be formed between the conductive line layer 210 and the
conductive neutral layer 206, and another X-capacitor 218
may be formed between the conductive line layer 212 and
the conductive neutral layer 208. In the particular example
of FIG. 2B, the X-capacitor 216 1s formed between the side
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of the conductive line layer 210 adjacent to the conductive
neutral layer 208 and the side of the conductive neutral layer
206 adjacent to the outer layer 202. The X-capacitor 218 1s
formed between the side of the conductive line layer 212
adjacent to the outer layer 204 and the side of the conductive
neutral layer 208 adjacent to the conductive line layer 210.

As shown 1 FIG. 3, the multilayer power transmission
board 300 includes the two electrically conductive outer
layers 302, 304, three mnner electrically conductive layers
306, 308, 310 positioned between the outer layers 302, 304,
and a dielectric medium 312 positioned between each of the
conductive layers 302, 304, 306, 308, 310 to electrically

1solate the conductive layers from each other. The dielectric
medium 312 of FIG. 3 may extend completely around an
exterior side of the outer layers 302, 304 (as shown), may
not extend around the exterior side of the outer layers 302,
304, etc. Additionally, the conductive outer layers 302, 304
may provide shielding for the inner conductive layers 306,
310, as explained above.

In some examples, the conductive layer 306 of FIG. 3 may
be an AC neutral conductor, and the conductive layer 310 of
FIG. 3 may be an AC line conductor. In such examples, the
conductive layer 306 1s a conductive neutral layer and the
conductive layer 310 1s a conductive line layer. Therefore, if
the multilayer board 300 1s employed 1n the power supply
100 of FIG. 1, the conductive neutral layer 306 may be
clectrically coupled to the connection designated as the
neutral power connection (e.g., the connection A), and the
conductive line layer 310 may be electrically coupled to the
connection designated as the line power connection (e.g., the
connection B).

When the board 300 1s used 1n the power supply 100 of
FIG. 1, the conductive layer 306 1s a positive DC conductor,
and the conductive layer 310 1s a reference conductor. In
such examples, the conductive layer 306 1s electrically
coupled to the connection designated as the positive power
connection (e.g., the connection A), and the conductive layer
310 1s electrically coupled to the connection designated as
the reference power connection (e.g., the connection B).
Alternatively, the conductive layer 306 may be a reference
conductor and the conductive layer 310 may be a positive
DC conductor when the board 300 1s used in the power
supply 100 of FIG. 1.

As shown i FIG. 3, the conductive layer 308 extends
between the conductive layers 306, 310. As such, the con-
ductive layer 308 separates the conductive layer 306 and the
conductive layer 310. Due to the conductive layer 308 and
the layers 302, 304, each conductive layer 306, 310 1s
shielded individually. In other words, each of the two
shielding areas created by the conductive layer 308 and the
layers 302, 304 shields only one conductive layer in the
particular example of FIG. 3.

Although not shown, the conductive layers 202, 204 of
FIGS. 2a and 25 and/or the conductive layers 302, 304, 308
of FIG. 3 may be coupled together via an electrically
conductive material, as explained herein. As such, the inner
conductive layers 206, 208, 210, 212 of FIGS. 2a and 2b
and/or the mner conductive layers 306, 310 of FIG. 3 may
be at least partially shielded, surrounded, enclosed, etc. by
conductive layer(s). For example, the conductive layers 302,
304, 308 of FIG. 3 may be electrically coupled together
thereby substantially enclosing the conductive neutral layer
306 and the conductive line layer 310 to shield the conduc-
tive layers 306, 310, as explained herein. This configuration
1s similar to a coaxial cable positioned inside another coaxial
cable.
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Further, the conductive layers 202, 204 of FIGS. 2a and
26 and/or the conductive layers 302, 304, 308 of FIG. 3 may
be grounded, as explained above (e.g., to provide improved
shielding performance, etc.).

FIGS. 4A, 4B and 4C 1illustrate conductive layers 402,
404, 406 of a power transmission multilayer board that may
be used 1n the power supply 100 of FIG. 1 and/or another
suitable power supply. The conductive layer 406 1s an 1nner
conductive layer similar to any one of the conductive layers

206, 208, 210, 212 of FIGS. 24 and 25 and/or the conductive
layers 306, 310 of FIG. 3. The conductive layers 402, 404
are outer layers similar to the layers 202, 204 of FIGS. 2qa
and 2b and/or the layers 302, 304 of FIG. 3. The outer edges
of the conductive layers 402, 404 extend toward each other
and electrically couple together to substantially enclose the
conductive layer 406 when the layers 402, 404, 406 arc
formed 1nto a multilayer board. This configuration shields
the conductive layer 406, as explained above. The outer
edges of the conductive layers 402, 404 may be formed by
platting an edge of the multilayer board, as further explained
below.

The power transmission multilayer boards disclosed
herein and the main circuit boards disclosed herein may be
orientated 1n any suitable manner relative to each. For
example, and with reference to FI1G. 1, the multilayer board
104 may be substantially parallel to the main circuit board
102, as shown. In other embodiments, the multilayer board
104 may be substantially perpendicular to the main circuit
board 102.

For example, FIGS. 5-7 illustrate a power supply 500
including a main circuit board 502 and a multilayer power
transmission board 504 extending in a plane substantially
perpendicular to the main circuit board 502. This perpen-
dicular orientation of the multilayer board 504 may save
space on the main circuit board 502, as explained herein.
Alternatively, the multilayer board 304 may extend 1n a
plane substantially parallel to the main circuit board 502
without departing from the scope of this disclosure.

The multilayer board 504 may include one or more of the
multilayer combinations shown 1n FIGS. 2-4.

As shown 1n FIGS. 5-7, the power supply 500 includes a
power connector 510 adjacent one side 506 of the main
circuit board 502. In this particular example, the power
connector 510 includes an AC power mput connector and a
DC power output connector. The AC power mput connector
has a neutral connection and a line connection for coupling
to one or more layers of the multilayer board 504, as
explained herein. Alternatively, the power connector 510
may include a DC power mput connector 11 desired.

The multilayer power transmission board 504 extends
along an edge surface of the main circuit board 302. For
example, 1n the particular example shown 1 FIGS. 5 and 6,
the multilayer board 504 1s attached to the main circuit board
502 (e.g., on the edge surface and/or another surface of the
main circuit board 502), and extends between the side 506
of the main circuit board 502 and another side 508 of the
main circuit board 502. As shown, the multilayer board 504
extends substantially the length of the main circuit board
502. This configuration may provide at least some structural
support for the main circuit board 502 thereby preventing
the board 502 from warping, twisting, breaking, etc. due to
the weight of components on the board 502.

Additionally, and as shown in FIGS. 5-7, the power
supply 300 includes various electrical components 3512
disposed on the top surface of the main circuit board 502.
The electrical components 512 may include one or more
capacitors, inductors, transformers, power switches, rectifi-
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cation circuits, control circuits (e.g., control circuit inte-
grated circuits, etc.), etc. The electrical components 512 of
the power supply 500 may be used to form one or more
AC/DC converters, DC/DC converters, filters, etc.

For example, an AC/DC converter may be positioned
adjacent the side 508 of the main circuit board 502. In such
examples, the AC/DC converter may be electrically coupled
to layer(s) of the multilayer board 504 to recerve AC input
power. The AC/DC converter then outputs DC power to one
or more components 312 on the board, the power connector
510, etc. For example, DC power may be provided to one or
more DC/DC converters to regulate, increase, decrease, eftc.
the DC voltage and/or current before 1t 1s provided to the DC
power output connector of the power connector 510.

As shown 1n FIG. 7, the multilayer board 504 includes a
power mput 314 electrically coupled to the AC power input
connector of the power connector 510. As shown, the main
circuit board 502 includes a filter 516 clectrically coupled
between the power connector 510 (e.g., the AC power input
connector) and the power mput 514 of the multilayer board
504. In the particular example shown 1n FIGS. 5-7, the filter
516 1s a common mode choke (e.g., a single turn common
mode choke, etc.). Alternatively, the filter 516 may include
another suitable choke, etc.

The power supplies disclosed herein may be manufac-
tured 1n any suitable manner. For example, FIGS. 8A and 8B
illustrate a portion of a multilayer power transmission board
800 that may be used 1n any one of the power supplies
disclosed herein. The multilayer board 800 may include two
or more conductive layers including, for example, outer
conductive layers (e.g., outer ground layers, etc.) and 1nner
conductive layers (e.g., one or more inner ground layers,
conductive neutral layers, conductive line layers, etc.).

As shown 1n FIG. 8A, two slots 802, 804 are formed 1n the
multilayer power transmission board 800 to expose at least
a portion of an interior 806, 808 of the multilayer board 800.
For example, the slots 802, 804 may be milled out of the
multilayer board 800 on opposing sides of the board. Alter-
natively, the slots 802, 804 may be formed in the multilayer
board 800 1n another suitable manner.

As shown, the slots 802, 804 are defined by the multilayer
board 800. For example, and as shown 1n FIG. 8A, the slots
802, 804 are completely defined by the multilayer board 800
such that the slots are enclosed by the board 800. In such
examples, the two slots 802, 804 are formed within a
perimeter of the multilayer board 800. In other embodi-
ments, the slots 802, 804 may be at least partially defined by
the multilayer board 800.

The exposed interior 806, 808 of the multilayer board 800
1s then plated with a conductive material. For example, the
conductive ground layers of the multilayer board 800 may
extend to an outer periphery (e.g., an outer perimeter 814, an
area adjacent the outer perimeter 814, etc.) of the multilayer
board 800. As such, after the slots 802, 804 are formed, the
conductive ground layers are exposed along the interior 806,
808 of the multilayer board 800. Thus, when the conductive
matenal 1s plated on the multilayer board 800, the conduc-
tive material makes contact with, and therefore electrically
couples together, the inner and/or outer conductive ground
layers of the multilayer board 800.

As shown 1n FIG. 8A, this conductive material may plate
the entire exposed interior 806, 808 of the multilayer board
800. In other embodiments, the conductive material may

plate only portions (e.g., an mner side) of the exposed
interior 806, 808 of the multilayer board 800 11 desired.
In the particular example of FIG. 8A, the slots 802, 804

and the conductive material on the exposed interior 806, 808
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of the multilayer board 800 extend continuously across the
length of the multilayer board 800. For example, the slots
802, 804 may extend continuously from opposing sides of
the board. The conductive material may then plate the entire
length of each slot 802, 804. This may ensure the grounded
conductive layers (including the plated conductive material)
substantially surround the mner conductive layers.

In other embodiments, the inner and/or outer conductive
layers (e.g., ground layers) of the multilayer board 800 may
be electrically coupled together 1n another suitable manner.
For example, FIG. 9 illustrates a portion of a multilayer

power transmission board 900 including slots 902, 904
substantially similar to the slots 802, 804 of FIG. 8A. The
multilayer board 900 of FIG. 9, however, includes vias 906
extending between surfaces of the board. The vias 906 are
plated with a conductive material that makes contact with,
and therefore electrically couples together, the inner and/or
outer conductive layers (e.g., ground layers) of the multi-

layer board 900, as explained above.

As shown 1n FIG. 9, the board 900 includes two rows of
vias 906 on each side of the board 900. In other embodi-
ments, more or less rows of vias may be employed 11 desired.
Additionally, the rows of plated vias may extend substan-
tially the entire length of the board 900 to ensure the
electrically coupled conductive layers and the vias 906
substantially surround the inner conductive power layers, as
explained above.

Referring to FIGS. 8 and 9, the multilayer boards 800, 900
of FIGS. 8 and 9 each may be electrically coupled to a main
circuit board of the power supply. Preferably, this occurs
aiter the slots 802, 804 are formed and plated. For example,
a portion of the plated conductive material (e.g., along the
exposed surface of the board 800, the vias 906, etc.) may
contact a ground trace, etc. on the main circuit board (e.g.,
the main circuit board 102 of FIG. 1). In some embodiments,
one or more conductive connections may be used to physi-
cally attach and electrically couple the multilayer boards
800, 900 to main circuit boards.

In some embodiments, one or more portions of the
multilayer board 800, 900 of FIGS. 8 and 9 may be removed.
For example, and as shown 1n FIG. 8A, side portions 810,
end portions 812, etc. between the slots 802, 804 and the
perimeter 814 of the multilayer board 800 may remain after
the slots 802, 804 are formed. These portions 810, 812 may
be removed (e.g., cut, broke, etc. ofl at a mouse bite, break
points, etc.) to expose the plated interior 806, 808, as shown
in the multilayer board 800 of FIG. 8B. The multilayer board
900 of FIG. 9 includes similar removable side portions, end
portions, efc.

FIG. 10 1illustrates a graph 1000 of conducted EMI
(dBpV) 1n a power supply ranging from about 150 kHz to
about 30 MHz. In this particular example, the power supply
includes a main board, a multilayer board extending across
the length of the main board, and an EMI filter positioned on
an opposing side of the main board relative to an mput/
output power connector. The multilayer board, however,
does not include outer conductive ground layers coupled
together, as explained herein. This power supply configura-
tion allows conductive AC power lines in the multilayer
board to pick-up electrical noise/magnetic noise from elec-
trical components (e.g., switching power converters, DC-
DC transiormers, etc.), which are positioned on the main
board adjacent to the multilayer board. This causes the
conducted EMI 1n the power supply to rise above Class A
international limits (represented by lines 1002, 1004), as
shown 1n the graph 1000.
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FIG. 11 1illustrates a graph 1100 of the radiated EMI
(dBpV/m) ranging from about 30 MHz to about 1 GHz 1n the
power supply explained above with reference to FIG. 10. As
shown, the radiated EMI exceeds Class A international
limits (represented by line 1104).

FIG. 12 illustrates a graph 1200 of conducted EMI
(dBpV) 1n the power supply 500 of FIGS. 5-7, and FIG. 13
illustrates a graph 1300 of the radiated EMI (dBpV/m) 1n the
power supply 500. As shown, the conducted and radiated
EMI 1n the power supply 500 are reduced compared to the

conducted and radiated EMI in the power supply explained
above with reference to FIGS. 10 and 11. Additionally, and

as shown in FIGS. 12 and 13, the conducted EMI 1n the
power supply 300 remains below Class A international limits
(represented by lines 1202, 1204 1n the graph 1200), and the
radiated EMI 1n the power supply 500 remains below Class
A international limits (represented by lines 1302 1n the graph
1300).

The conductive layers and/or conductive material dis-
closed herein may include any suitable electrically conduc-
tive material. For example, the conductive layers and/or
conductive material may include electrically conductive
metallic materials (e.g., copper, aluminum, gold, silver, etc.
and alloys thereot), etc. The dielectric medium disclosed
herein may include any suitable electrical insulator material
such as porcelain, glass, epoxy, plastic, etc. and/or a com-
bination thereof.

Although the multilayer boards disclosed heremn are
described and/or shown to include a specific number of
conductive layers (e.g., outer conductive layers, inner con-
ductive layers, etc.), it should be apparent to those skilled 1n
the art that more or less conductive layers may be employed
without departing from the scope of the disclosure.

The multilayer boards may be used 1n various diflerent
power supplies including, for example, AC/DC power sup-
plies, DC/DC power supplies, etc. For example, any one of
the multilayer boards may be employed in a 3 kW AC/DC
power supply for providing power (e.g., 12V/246 A) to one
or more electronic devices. The power supplies may include,
for example, one or more power converters having any
suitable topology.

The foregoing description of the embodiments has been
provided for purposes of illustration and description. It 1s not
intended to be exhaustive or to limit the disclosure. Indi-
vidual elements or features of a particular embodiment are
generally not limited to that particular embodiment, but,
where applicable, are interchangeable and can be used 1n a
selected embodiment, even if not specifically shown or
described. The same may also be varied in many ways. Such
variations are not to be regarded as a departure from the
disclosure, and all such modifications are intended to be
included within the scope of the disclosure.

The 1nvention claimed 1s:

1. A power supply comprising:

a main circuit board including an AC power input con-
nector having a neutral power connection and a line
power connection; and

a multilayer power transmission board for transmitting,
AC power from one area of the main circuit board to
another area of the main circuit board, the multilayer
board including at least two conductive neutral layers
clectrically coupled to the neutral power connection of
the AC power input connector, at least two conductive
line layers electrically coupled to the line power con-
nection of the AC power 1mput connector, and a dielec-
tric medium positioned between each of the conductive
neutral layers and the conductive line layers, the con-
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ductive neutral layers and the conductive line layers
positioned in an alternating configuration, and one or
more X-capacitances formed between at least one of
the conductive neutral layers and at least one of the
conductive line layers to suppress noise in the power
supply when AC power 1s transmitted from said one
area ol the main circuit board to said other area of the
main circuit board.

2. The power supply of claim 1 wheremn the multilayer
power transmission board extends in a plane perpendicular
to the main circuit board.

3. The power supply of claim 1 wherein the main circuit
board includes a filter electrically coupled between the AC
power mnput connector and the power transmission multi-
layer board.

4. The power supply of claim 1 wherein the main circuit
board includes a power output connector adjacent the AC
power mput connector.

5. The power supply of claim 4 wherein the power output
connector mcludes a DC power output connector.

6. The power supply of claim 1 wherein the at least two
conductive neutral layers and the at least two conductive line
layers are mner conductive layers, and wherein the multi-
layer power transmission board includes one or more outer
conductive layers substantially surrounding the inner con-
ductive layers.

7. The power supply of claim 6 wherein the one or more
outer conductive layers are grounded.

8. The power supply of claim 1 wherein the main circuit
board includes a first side and a second side opposing the
first side, and wherein said one area of the main circuit board
1s adjacent to the first side of the main circuit board and said
other area of the main circuit board 1s adjacent to the second
side of the main circuit board.

9. The power supply of claim 1 wherein one of the
conductive neutral layers is positioned between two of the
conductive line layers or wherein one of the conductive line
layers 1s positioned between two of the conductive neutral
layers.

10. A power supply comprising:

a main circuit board including a power mput connector
having a first power connection for providing a first
power signal and a second power connection different
than the first power connection for providing a second
power signal different than the first power signal; and

a multilayer power transmission board for transmitting
power from one area of the main circuit board to
another area of the main circuit board, the multilayer
board including a first conductive layer electrically
coupled to the first power connection of the power
input connector for receiving the first power signal, a
second conductive layer electrically coupled to the
second power connection of the power input connector
for receiving the second power signal, an inner con-
ductive ground layer separating the first conductive
layer and the second conductive layer, outer conductive
ground layers electrically coupled to the inner conduc-
tive ground layer, a first dielectric medium positioned
between one of the outer conductive ground layers and
the first conductive layer, a second dielectric medium
positioned between the mner conductive ground layer
and the first conductive layer, a third dielectric medium
positioned between the mner conductive ground layer
and the second conductive layer, and a fourth dielectric
medium positioned between another one of the outer
conductive ground layers and the second conductive
layer, wherein the first conductive layer i1s the only
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conductive layer positioned between said one of the
outer conductive ground layers and the mner conduc-
tive ground layer so that the first conductive layer 1s
individually shielded, and wherein the second conduc-
tive layer 1s the only conductive layer positioned
between said other one of the outer conductive ground
layers and the inner conductive ground layer so that the
second conductive layer 1s imndividually shielded.

11. The power supply of claim 10 wherein the multilayer
power transmission board extends in a plane perpendicular
to the main circuit board.

12. The power supply of claim 11 wherein the main circuit
board includes a filter electrically coupled between the
power mput connector and the multilayer power transmis-
s10n board.

13. The power supply of claim 10 wherein the first
conductive layer and the second conductive layer are inner
conductive layers, and wherein the outer conductive ground
layers substantially surround the inner conductive layers.
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14. The power supply of claim 10 wherein the main circuit
board includes a first side and a second side opposing the
first side, and wherein said one area of the main circuit board
1s adjacent to the first side of the main circuit board and said
other area of the main circuit board 1s adjacent to the second
side of the main circuit board.

15. The power supply of claim 10 wherein the first power
connection 1s an AC neutral power connection or an AC line
power connection, and the second power connection is the
other one of the AC neutral power connection or the AC line
power connection.

16. The power supply of claim 10 wherein the first power
connection 1s a DC positive power connection or a DC
reference power connection, and the second power connec-
tion 1s the other one of the DC positive power connection or
the DC reference power connection.
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